Thy-mutants could be made competent in the usual manner and transformed to thymidine independence by using deoxyribonucleic acid (DNA) from the wild-type (thy+) SIII-1 strain. Expression of the newly transformed ability to grow in thymidine-free M2 occurred rapidly (within 15 to 30 min) after exposure to DNA in Ml. The transformation could occur when competent thy-cells (previously grown in the presence of thymidine) were exposed to DNA either in the presence or absence of a growth-supporting concentration of thymidine. However, when transformation took place in the absence of the nucleoside required by the recipients, some of the potential transformants died before expression of thymidine independence could occur. Thy+ cells could also be transformed to thy-by brief exposure to DNA from one of the mutants followed by growth in Ml medium plus thymidine prior to plating in M2 containing thymidine and aminopterin. In this case, expression of the thy-character was slow, as to be expected if an enzyme were being diluted out of the originally thy+ recipients; expression of all potential transformants was not completed before 4 to 5 hr of growth at 37 C.
Of 14 thy-mutants examined, all but one (A2) were transformed to thy+ with relatively high efficiency compared to transformation by a reference streptomycin resistance marker, str-rl (7). The replacement of A2 by its wildtype allele had an average efficiency (relative to the replacement of the recipient str-s marker by the donor str-rl marker) of 0.08, whereas the corresponding average efficiency of replacement of the other thy-mutations by their thy+ alleles was 1.5. In the reciprocal crosses (thy+ recipient x thy-donor), the same two efficiency classes were observed, A2 replacing the wild-type recipient allele with low efficiency (ca. 0.02) and the other thymutations replacing their wild-type homologs with efficiencies ranging from 1.3 to 2.2. Thus, the efficiency of transformation was similar in 460 NOTES VOL. 109, 1972 either direction of the same cross.
Thymidine-independent recombinants were sought in pairwise crosses involving the 15 thy-mutations. No recombinants were obtained in reciprocal crosses between A5 and A17 or between A19 and Al. Nor were recombinants obtained in crosses in which the same thy-marker was present in donor and recipient. Thy+ recombinants were obtained in all of the other crosses performed, but at low frequency relative to the frequency of str-r transformations induced in the same crosses. The recombination index (relative recombination frequency corrected for the integration efficiency of the thy+ allele involved in the cross; see reference 4) ranged from 5 x 10-4 to 10-l, depending upon the cross. There was no obvious clustering of thy-sites; rather, as a rule, adjacent sites were quite close. Indeed, because of the latter, it was not possible to construct a matrix of recombination indices (4) indicating an unambiguous, consistent linear order of the sites. That matrix coming closest to providing a unique linear order of the sites is shown in Table 1 .
The wild-type and thy-strains were assayed for thymidylate synthetase activity by the method of Friedkin (2) with the exception that the enzyme extract was made in 0.01 M potassium phosphate buffer, pH 7.4, and cells lysed by 0.2% sodium desoxycholate. The results, shown in Table 2 , indicate that mutants lack or have reduced activity for this enzyme. The extracts of two of the mutants were examined for the presence of a possible inhibitor of thymidylate synthetase. The results (Table 3) indicated that no inhibitor was present. This finding, taken together with the kinetics of thy+ and thy-expression during transformation, suggest the thy-mutations occur in the structural gene for thymidylate synthetase.
Following the procedure described above, we were unsuccessful in selecting any thy-mutants in the Challis strain of group H Streptococcus, possibly because unlike pneumococcus it grows, albeit slowly, in the presence of aminopterin. Moreover, thy-mutants of pneumococcus could not be transformed to thy+ by using a Challis DNA which was effective in inducing streptomycin and erythromycin resistance transformations. It is not clear whether this failure is due to greater heterology between the two strains at the thymidylate synthetase locus or to different pathways of thymidine synthesis.
